Abstract The association between the metabolic syndrome and a pathological activation of the innate immune system is now well established. Thus, defective insulin secretion and action are due, at least in part, to islet, liver and fat inflammation in type 2 diabetes. Furthermore, an inflammatory process also seems to be involved in the development of cardiovascular, renal and ophthalmological complications of this disease. Interestingly, several other inflammatory diseases are associated with the metabolic syndrome, such as psoriasis, gout and rheumatic arthritis. The aim of this review is to discuss the clinical progress of anti-inflammatory drugs in the treatment of type 2 diabetes and then speculate on the possible further development of these drugs, with the aim of using the drugs in combination in order to combat the multiple manifestations of inflammatory diseases. This review summarises a presentation given at the 'Islet inflammation in type 2 diabetes' symposium at the 2015 annual meeting of the EASD. It is accompanied by two other reviews on topics from this symposium (by Simone Baltrusch,
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An increasing number of drugs are now available that can directly target various components of the immune system and have been shown to improve metabolism [1] . These are antibody-based molecules (e.g. IL-1 and TNF blockers) or small molecules (e.g. antagonists of CCL2, also termed monocyte chemoattractant protein-1 [MCP-1] and its receptor C-C motif chemokine receptor-2) that blocks cytokines or chemokines effects. Less specific (but not necessarily less effective) are other compounds, such as salsalate and diacerein. Clinical studies have validated the ability of these compounds to decrease glycaemia (see below). This effect seems to be due to different mechanisms with distinct effects on insulin secretion and insulin-sensitivity. Furthermore, some drugs may be more effective at tackling a specific diabetes complication. Finally, patients suffering from diabetesassociated diseases involving a specific immune pathway may experience improvements in both diabetes and these comorbidities, with a single drug.
TNF
In 1993, Hotamisligil and Spiegelman demonstrated TNF expression in adipose tissues of animal models of diabetes and linked this to insulin resistance [2] . This milestone study was the first demonstration that inflammation may be involved in the pathogenesis of type 2 diabetes. Unfortunately, the clinical translation of this discovery has been delayed following the contradictory findings of early proof-of-concept studies, which have since been found to have been subject to serious limitations in their study design. Indeed, these studies are characterized by small sample sizes and short duration that are insufficient to detect the expected changes [1, [3] [4] [5] [6] . More recently, a study in obese individuals without diabetes demonstrated a decrease in fasting glucose following a 6-month inhibition of TNF [7] . Although it is likely that prolonged antagonism of TNF will improve diabetes, a state-of-the art clinical study of TNF antagonism is warranted in patients with type 2 diabetes.
IL-1β
The first study to assign a role for IL-1β in the pathogenesis of type 2 diabetes demonstrated that IL-1β mediates the deleterious effects of high glucose on human beta cells [8] . This observation was supported by the findings of a study in which an animal model of diabetes received treatment with the SGLT2 inhibitor phlorizin, which normalised plasma glucose and prevented beta cell expression of IL-1β [8] . This was followed by a proof-of-concept study in patients with type 2 diabetes, which reported that blockade of IL-1 with its receptor antagonist IL-1Ra improves glycaemia and beta cell secretory function and reduces CRP levels [9] . Of note, 39 weeks after withdrawal of IL-1Ra, insulin secretion was still preserved and CRP levels remained decreased, suggesting that IL-1 antagonism has long-lasting effects [10] , possibly because of an interruption of the vicious cycle of IL-1 β autoinduction [11] . Twelve independent follow-up clinical studies have confirmed that IL-1 antagonism may improve insulin secretion or sensitivity and glycaemia [12] : ten in patients with type 2 diabetes, one in obese, insulinresistant, non-diabetic individuals with the metabolic syndrome [13] and one in insulin-resistant patients with type 1 diabetes [14] .
Salsalate
In 2001, Shoelson and colleagues demonstrated that salsalate reverses hyperglycaemia in obese rodents by sensitising insulin signalling via inhibition of the nuclear factor-κB pathway [15] . This initial finding was then translated to the clinical situation by Goldfine, Shoelson and colleagues, from proofof-concept through to Phase III trials [16] [17] [18] [19] . Most convincing are two multicentre, placebo-controlled studies which provide strong evidence that salsalate decreases systemic inflammation and improves glucose metabolism in patients with type 2 diabetes [20, 21] . Importantly, the drug is cheap, has a high safety profile and is well-tolerated.
Targeting macrophages
The number and activity of macrophages are increased in adipose tissues and islets of patients with type 2 diabetes [22] [23] [24] . These tissue macrophages produce a significant proportion of the inflammatory factors that are upregulated by obesity. Accordingly, clinical studies targeting chemokines involved in the recruitment of these immune cells emerge as a valid approach to improve metabolism. Indeed, two recent clinical studies targeting MCP-1 or its receptor have reported that this approach improves glycaemia, apparently mainly via improved insulin secretion [25, 26] . Interestingly, prolonged inhibition of MCP-1 activity led to improved albuminuria.
Joining forces
The aforementioned data support a role for inflammation in the pathogenesis of type 2 diabetes. The observed improvement in insulin secretion in response to treatment with certain drugs points to possible disease-modifying effects, i.e. prevention of the progressive decrease in insulin secretion and effectiveness. Treatments addressing inflammation may also protect organs typically affected by diabetes, i.e. kidney, eye and the cardiovascular system [27] . The Canakinumab Antiinflammatory Thrombosis Outcomes Study (CANTOS), a Phase III clinical trial of an anti-IL-1β antibody, is ongoing (ClinicalTrials.gov identifier: NCT01327846). The recruitment of 10,000 patients at risk of developing cardiovascular disease and diabetes to this large study is complete, and the study is designed to investigate the potential of IL-1β blockade to protect patients against cardiovascular disease and to prevent or ameliorate type 2 diabetes.
The interruption of vicious cycles of auto-inflammatory induction (e.g. IL-1β-induced IL-1β release), and the long half-life of some (antibody-based) drugs explain the observed long-lasting effects. It is therefore conceivable that, after restoration of normoglycaemia and successful lifestyle changes, some patients may require a boost of anti-inflammatory drugs only a few times per year during recurrent flares.
The population of patients with type 2 diabetes is heterogeneous, with distinct genetic and behavioural backgrounds. Accordingly, genetic and biomarker analyses may be used to profile patients with type 2 diabetes to allow the prediction of those who would be expected to respond best to a specific anti-inflammatory drug.
Some immunomodulatory treatments (e.g. IL-1β and MCP-1 blockers) seem to predominantly improve insulin secretion, while others (e.g. TNF blockers and salsalate) may better target insulin resistance. Thus, the use of anti-inflammatory drugs in combination or sequentially may achieve broader and more profound effects in treating inflammation in patients with type 2 diabetes.
The immune system appears to play a critical role in an increasing number of diseases [28] . Accordingly, numerous immunomodulating treatments are approved for a variety of indications. Understanding that the immune system is intimately linked to metabolism opens the door to novel therapeutic approaches. Thus, clinicians can focus on the pathologically activated pathways responsible for the disease (e.g. TNF-or IL-1-driven diseases) instead of focusing on the specific symptoms related to a definite area of medicine. In many cases, patients can already benefit from this thinking. Indeed, IL-1β is a critical mediator of gouty arthritis [29] , and blocking IL-1β strongly improve this disorder [30] . Therefore in individuals affected from both type 2 diabetes and gout, IL-1β antagonism may ameliorate both maladies [31] . Diabetes is also often linked with TNF-driven illnesses, including rheumatoid arthritis, psoriasis and Crohn's disease. For these diseases, TNF blockade may be an attractive treatment to simultaneously treat these various manifestations of TNF over-activity [32] . Similarly, patients suffering from type 2 diabetes and joint pain may particularly benefit from the use of salsalate. The results of CANTOS (ClinicalTrials.gov identifier: NCT01327846) [33] will inform us whether a patient with cardiovascular diseases and type 2 diabetes may benefit from an anti-IL-1β treatment.
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